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The Technical Description ef radar MPC-3 is to be used for studying the radar 
by the technical and flying personnel of Air Force units utilizing the radar. 

The Technical Description consists of three volumes, 

The first volume contains generel information on the radar, its functional descrip- 
tion, description of its composition and constructional design, and description of the 
functiongl diagrams of the radar channels, 


The second and the third volumes contain comprehensive description of the radar 
units, 
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The book contains 1G2 pages. 








CONVENTIONAL DESIGNATIONS AND ABBREVIATIONS USED IN 


THE 


YOY - 
YRY-10 - 
YNU-30 - 
WAY - 
IY os 
cay - 
YURI - 


TEI - 
Chay - 


COB - 


DESCRIPTION 


intermediate frequency amplifier (IFA) 
IFA-10 

IFA-30 

automatic frequency control preamplifier (AFCPA) 
intermediate frequency preamplifier (IFPA) 
remote control system (RCS; 

direct current amplifier (DCA) 
automatic frequency control (AFC) 
automatic gain control (AGC; 

manual frequency control (MFC) 

manual gain control (NGC) 

television sight (TS) 

bore-sighting gauge (BSG) 
intercommunication system (10S) 

tail gun mount (TGM) 

defensive armament system (DAS) 
resistor 

inductance 

capacitor 

delay line 

choke 

transforner 

electric motor 

selsyn 

velay 


- plug connector 


switeh and selector switch 
computer unit 
limit switch 
contact group 


- jnterlocking 


mechanical interlocking 

fuse 

electron tube 

neon lamp 

incandescent lamp 

receiver protection discharger (RPD) 
erystal detector 

selenium rectifier 

measuring instrument 

test point 

magnetic amplifier 

anplidyne 

servo-amplifier (5A) 

test contact 

centre frequency of magnetron ct a) 
lower frequency of magnetron (f5 0) 
upper frequency of magnetron Ce 
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A cart 2 
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- magnetron frequency change band (af) 


upper frequency of klystron (fox) 

lower frequency of klystron (f),) 

klystron frequency change band (Af, ) 

rate of radiator rotation, scanning frequency (fF...) 
Synchronizing pulse repetition frequency (f.) 
delay time of ultrasonic line JUs3-3 


~ time of magnetron frequency change (vf) 


_ 


pulse power of transmitter (P ls? 
average power of transwitter @) 
measuring delay line 

damping signal amplifier (DSA) 
ultrasonic delay line 

button 

indicator 

control winding 

rheostat pickoff 

assembly 

ultrasonic calibrator (UC) 


Note, The numerical values of the parameters designated conventionally by letters 


ere presented in the Radar Operating Instructions. 





I, GENERAL INFORMATION OM RADAR 


A, PURPOSE 

Mail detection and sighting radar MPC-3 is designed for installation in jet bomb- 
era and serves for: 

- detection of air targets abaft the aircraft; 

- lock-on of the selected target, automatic tracking of it and supplying the com~ 
puter with data required for solving the air firing problem (these data are: the 
angular coordinates of the target, the angular speed, the target range, and the range 


derivative). 


B, OPERATING PRINCIPLE 


In the aircraft defensive armament system, radar IiPC-3 carries out successively 
the task of scanning (observation of the air situaticn absft the aircraft) and the 
tesk of sighting (directing the antenna head to the target located in the scanned 
“area, target lock-on and angle and range tracking). It also supplies the computer with 
the target data (its angular coordinates, angular speed, range, and closing speed). 
. Gorresponding to these tasks, radar MPC-3 has the following three modes of opera~ 
tion: the mode of space scanning, the mode of directing the antenna to the target, 
and the mode of target lock-on and angle and range tracking. 
The design of the radar antenna makes it possible to fulfil the task of space 
scanning and the task of sighting successively. 
The scanning of space is effected by means ef spiral movement of the antenna 
beam (Fig, 1) due to retation and simultaneous deflection of the reflector from the 
rotation axis (from the zero position). In the mode of scanning, the antenna of the 
radar scans the space within a 70° solid angle (Fig. 2). | 
At the operator’s will, the scanned area in azimuth may be enlarged automatically 
by an angle of 20° or manually by an angle of 30° due to shifting the scanning axis 
to the right and to the left with respect to the aircraft flight direction (Pig. 3). 
The area scanned by the cadar (with the solid angle being at least 76°) is di- 
vided into the following three zones: zone I of O to 12° with respect to the scanning 
axis; zoxe ID of 12 to 24° with respect to the scanning axia; zone TIIef 24 to 76° with 
respect to the scanning axis (Fig. 4). 
If a target appesrs in the ratiar control area, 
plays a mark of the target with that of the scanned zone (Fig. 5}. 
The target marks caused by friendly aircraft are accompanied on the indicator 
aereen by mark FRIEND (CBOM): the wider mark which is farther than the target mark. 
Hence, with the aid cf the indicator screen, it is possible to determine: 
- the direction to the target with respect to the scanning axis (according to 
the radial direction from the centre of the screen to the target mark); 
- the scanned zone in which the target is located: 
- the distance to the target; 
- the national identity of the target; 
~ a possible lock-on range according to the lock-on range mark, 
After a target is detected, the antenna head can be directed to it either manual- 
ly by the operator with the aid of the indicator screen or automatically. 
When directing manually, the operator, using the indicator screen, determines 
the national identity of the target and its position in espace, and then depresses 


She sereen of the indicator dis- 


the action switch. 
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FIG. 3. SHIFTING GF RADAR TTPC-S SCANNED AREA 
00 - axis of central scanned area (along sircraf? axis); ao! - axis of scanned 
crea shifted manually to the right ros 30°; 002 - axis of scanned area shift- 
ed manually to the left through 30°; 00° - axis of scanned area shifted automati- 


cally to the right through 20°; 004 . axis of scunned area shifted automatically 
to the left through 20° 
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PIG.5. APPEARANCE OF (NDICATOR SCREEN IN SCANNING MODE 


} + mark of friendly target in zone t; 2 - mark of target in zone It; 3, 
3a - marks of targets in zone IIf; 4 - lock-on renge mark; 5 - friendly 
target identification mark 


The marks and the targets a-e shown in cecordence with Fig. 4. 
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Pliz. 6. APPEARANCE OF INDICATOR SCREER [é MODE OF 
MANUAL ANTENNA POSITIONING 
} + mark of onfenna head axis at instant of positioning; 2 - mark of 
target in zone ft (seen due ia afterglow of CRT} 
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In this case, the reflector of the antenna is attracted to the zero position. usd ! 
F the radiator of the antenna starts rotating, This means that the anterne head stops iss 
F scanning function and starts its sighting functicr, Ls 
; As a result, the indicator screen will start displaying en antenuna- positionivueg be 
mark in the form of a bright dot, a 


: The target mark, in this case, will remain in view due to the afterglow of the 

f indicator cathode-ray tube (Fig. 6), . 

L In this mode of operation, the entire scale of the indicater corresponds to 72” 

F of the solid engle in which the spacs is scanned, and is divided by two circumferences 
: into three zones which correspond to the three space~scanning zones, The centre ef tis 
F scale corresponds to the exis of the scanned area, 

The operator turns the handles and the control panel of TH-1A in such a way as te 
. nove the antenna-positioning mark from the centre in the direction of the target, which 
. has been selected for lock-on, to the middle of the zone whose mark followed wp th: 











} target when scanning (Fig. 7). 
After directing the antenna head to the terget, the leck~on of the target ovcurs oes 
, and its angle and range tracking begins. B 
3 The angle tracking of the target is based on the princi i ab AS Ft : 
» which is obtained due to the rotation of the antenoa radia 
k certain angle from the rotation axis (Fig. 22), 1 
The measurement of the target range depends on the pulse principie of radaz ape: : 
t tion, The distance to the target is determined by the time required for the pulse se ny 
E by the radar to travel to the target and to return ceo the redar after being vretlecs yr. 
; from the target. 
r The lock-on of the target is indicated by lamp LOCK-ON (S4ZBAT}, whieh svaxtis ip 
f ing (the lamp is located on the indicator), and 2lso by the locked-on verge: me’ & 
FE appears on the serean, In this case, the imdicater stertz to operate 2a fue Bou ' 
f. locked-on target indication (Fig, 8’, bE 
4 i 
. I 
4 ; FE 
a. ¢ bees 
E E 
ee: 
BA. 
ee : 
FIG. 8. APPEARANCE OF IMDICATOR SCREEN IN MODE 2 
OF TARGET TRACKING ; 3 
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1- mark of iocked-on target; 2 - mork of fack-on runge; 3 - mark of 


farge? in erga sccored by antenn 
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The mark of the locked-on target is displayed on the indica; 
of a ring divided into three arcs, 


The marks of other targets situated in the area scanned by the 
tracking mode have the shape of circumferences, 


When the target approaches the range of aimed fire, lamp FIRE (OTO8b) on “che inai 
cator starts glowing, 


or soereen in the 


antenna beam in th 





The opening of fire is effected by means of depressing button FIRE (OTOEL:. The 
fire can also be opened automatically, if switch FIRE (Or0#b) is set to posiszion AUTO. 
MATIC (ABTOMAT) and if the target is located at the aimed fire TENE 

If it is necessary to stop target tracking, button TARGET RETEL Sr (CRPOG WEN) isk 
to be depressed, The handles and the control panel are 
and the action switch is released. The radar passes to % 

In order that the antenna head may be directed to ¢ 


operator switches the radar over to the mode of 


returned to the zer: position 

he scenning woce of vperation, 
be target mitowatically, che 
automatic positionizg, 

When a target appears in the scanned area, the antenna head is diveosed to the 

target automatically (without assistance of the operator), In this case, 
head stops its scanning function and begins its Sigating function, aad the lLesk-or and 
automatic angle and range tracking of the target take piace, 

When radar IPC-3 operates jointly with the idestification sysvem of sis GP30-2 
set, then no possibility is proviced for directing the antenna ts friendiyvy at 
automatically, 

To exclude the possibility of locking on the ground when the ejr 
low altitudes, the radar is provided with setting of lock-on Linit 

The limitation of lock-on is set by the operator making use of kno: LOCK-ON 
RANGE (TATbH, 38XB,) and the lock~-on range mark on the 
of the shape of a ring with a darkened sector in ivs upper part (Fie. 3), 

if the mark of the ground or aircraft (barges) is situated fartaer thes she 
dock-~ou range murk, these objecta cannot be looksé on, 

Esdar MPC.-3 is provided with protection against delibersic camming, fhis protec- 
tion is effected ty means of changing the mageetron Lrequexnsy , 

The magnetron nas 12 fixed frequencies fox tuminee, 
Change-owex trom ome fiir: 


re = 
Sree ete tare. 
ve S St ore. a 


craft Flies at 
ation, 


TOT wate Lemme ti; seca o . 
iMGicater screen: the wars is 


ed Sveguency toe wnother can be Gh eecvue, sisber MEU LY 
or autonatically, 
tn the autonatic Change-uver mode, the Wapmetxon Crequamey srauros wht 








Sistence of the operator if Janning appear, 
fa the manual change-over mode, knob FREQUENCY cEAancr 
depressed, 





* 


The radar is also provided with pretection against AORGFUGCNYORGUIE Bulge ¢ aya, 
This protection is effected by weens of selecting the target pulser acsaedine uo hs 
transmitted pulse recurrence frequency, 
be presented below, 





FANS 


The description of the selection wetnod wil 


in the defensive armament system of the aircraft, radar [PC-2 operates in sowhbina- 
tion with television sight TI-14 and Sighting-and-computing vxi 
erupled with the identification system (set CP30-2°, lH shis ayster , 
ta. gun mounts can be effected by meang of: 

(a) radar DPC-3 (the RADIO /PALMO/ mode); 

(ob) television sight TOH-14 (the OPTICS / OULME/ note): 

(c) radar MPC-3 when the antenns head is dirseczed te ‘he carget by Gelcovisior 
Sight TH-l1A (the ANTENNA POSITIONING /HABODKA/ mode * ; 

{d) television sight T0-1A when the target range and the Closing speed are 


aetermined by radar IPC-3 (the OPTICS - RANGE FINDER /ORTURA - LAISHOMEP/ mode), 


ey 
ee 





12 





II, MAIN TACTICAL AND TECHNICAL CHARACTERISTICS OF RADAR 





A, TACTICAL CHARACTERISTICS 


(a) The range of detection of attacking jet fighters is 6500 m with the closing 
speed being 100 m/s. 

(b) The scanned area is not less than 70° of solid angle. 

The scanned area axis may be shifted in azimuth through +30° manually and through 
420° automatically. 

(c) The time of scanning the area is 2.7 to 3 3. 

(d) The range of lock-on of the identified target is 3000 m with a probability 
of not less than 95 per cent and a relative closing speed of 100 m/s, 

(e) The radar provides automatic tracking of targets within angles of +35° in 
angular height and within angles of +65° in azimuth, 

(f) The mean-square error in determining the target position during 2utonatic 
tracking and in introducing the data into the computer should not exceed 3 thousandthe 
of the distance at ranges of 400 to 3000 m with the relative engular rate being 9 te 
0,j rad/s and the angular acceleration up to 0,5 rad/s*, The error is deserminec on 
the weapoz. 7: 

(g) The ranges that can be supplied to the computer are 350 to 4000 mn, 

(h) The maximum error in determining the target range and in introducing is into 
the computer does not exceed 40 m for distances up to 2000 m, and 70 m for distances 
up to 4000 m, 

(i) The radar can produce a range derivative in the limits from 0 to 300 m/s, 

The accuracy of generation of the range derivative is not worse than 30 m/s within 9 
to 300 m/s, 

(j) The screen of the indicator makes it possible: 

: - to determine roughly the range to the target within 350 to +500 m with the maxinun 
, error being not more than “50 m, and af distances from 4500 to 10,000 m with the max_mum 
. etror not exceeding 10 per cent ef the distance in question; 

P - to determine the position of the target in space with respect so the geomeszi- 

| ¢al axis of the antenna with the aid of the marks of the zones in the nod2 of scan- 

z ning: | 

~ to determine the angular position of the Llocked-on target to an accuracy of 
19° with knob INDICATION OW (BEX. YAEMK.) depressed: 

- te determine the national identity of the target with the aid of mark FRIEND, 

(zk) The minimum range of the rader (its dead area) does not exceed 350 m, 


B, TECHNICAL CASARACTERISTICS 


(2) The range of magnetron frequency change is At. 
(b) The average power of the transmitter is not less than Pay’ 
(e) The synchronizing pulse repetition frequency is fn 


(a} The sensitivity of the receiving channel, as measured by the disappearance 
E of the signal in noise, is not jess than 98 dB with respect to 1 mW, 
. {e} The team width of the directivity vattern at the level of 0,5 is as follows: 
| - 5,2 40,8° in plane E; 
- 5.2 +0,8° in plane &, 
(2) The duration of the transmitted pulse of the radar is 0,45 +9,05 ys. 
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iXf. FUNCTIONAL DESCRIPTION OF RADAR 


i 

Syachronization of operation of ail this caday components is effeeteld by a master 
blocking oscillatox. 

The pulse recurrence frequency of the master blocking oscillator is stabilized 
oy an ultrasonic delay line (Y3). The blocking oscillator is started by ite own puls 
delayed in the delay channel by the ultrasonis line. 

The master blocking oscillator shapes so~called sweep triggering pulses which 
trigger the range sweep circuit and the synchronizing pulse shaping circuit. The Late 
‘er generates synchronizing pulses which stert the sxbmodulaton, 

The submedulator generates pulses which trigger the modulator of the magnetron 
oscillator. The magnetron oscillator gencrates high-power radio-frequency pulses of 
& 0.45-ps duration, whese repetition frequency is equal to that of the synchronizing 
Palces. 

The radio-frequency energy of the transmitter is supplied tarough entenna switch 
RECEIVE ~ TRANSMIT (ILPHEM —- TEPEZAYA) and. through the waveguide system to the antenna 


of. 
WOAGA 


tediates the radio-frequency energy into SPRCE. 
fae axtenna has a reflector which bunches the radiated energy into a nartow bean. 
canning cf space is effected due to a spiral movement of the antenna beam. 

Scch a movement of the antenna beam, a3 was stated earlier, is cbtained by means 
of rotation of the antenna reflector and of its simultaneoug deflection from the rota- 
Giou axis. 

The deflection of the reflector is performed by an clectromechenical system which 
Sousists of commtatoe Bl-6 linked mechbaiically with the reflector deflecting mecha- 
Bism and of a reflector deflection contre? eiwenit which connects BuccesBively the 
tlectrie wagnets of the couplings sexving for deflectiug the anterua reflector and 
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plifier (U0Y), the target Sienals, in vhe form of intornediate-frequency pulses are 






supplied. to the TF4-30 mats bidien (PHY -407), 


eae ay 








ey to Reavide a usvaat gupliviestion sastex of the Lot ermediate-Zrequency 


CMAP vier and, sonsequentiy, a soistent Level ov she basic noise at the IFA-30 sut- 
os, USe is made of automatic gale csateol in the sutermedi ate-frequency preamplifier. | 
@ .onuGrel Ls performed by a asise ate: ClPeuie. 
fo impreve che anti jamming ability of the vader, tue IFA-30 is triggered by weans 
Gf the soueption keyer only for the time of raception (65 <5 ya). 





the signal amplified by the TRA--30 is converted ints a video pulse br the second 
aevectcuz, then it is amplified SY the video amplifier anc SUpPPLLEG VG the e1rerit of 
SeGULOd agalzst nonsynclrenens pulse jamming (so the dslay channel and te the coin- 


idence sivauit5. 
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To protect the receiving channel against the action of deliberate jamming, the 
r padar is provided with automatic change-over of the magnetron operating frequency. An 
|} increase of noise at the receiver output due to the presence of jamming causes the 
; jamming recorder circuit to operate. The latter in its turn makes the magnetron change 
} its frequency. The magnetron frequency is repeatedly changed by the frequency change 
q mechanism until the jamming effect disappears at all or until its presence does not 
} interfere with the radar operation. Provision is also made for manual change of the 
¢ Magnetron frequency at the operator’s will, and this is effected by depressing button 
fy FREQUENCY CHANGE. 
Protection against nonsynchroncus pulse jamming is effected by means of selecting 
: the pulses according to the recurrence frequency. This method consists in the fact V ] 
. that all the signals arriving at the receiving channel of the radar pass to the coin- [oe 
|-eidence circuit by the following two paths: (i) directly and (2) through the ultra- 
4 Bonic delay line which delays the signai for the synchronizing pulse recurrence period. 
If the direct and delayed siguais arrive at the coincidence circuit simultaneously, 
f which is the case for the target pulses, then they can pass through this circuit. 
In such a condition, the signals of pulse jamming whose recurrence period is not 
equal to the recurrence period of the puises transmitted by the radar cannot pass to 
P the output of the receiver (from the coincidence circuit). From the output of the 
7 coincidence circuit, the target signals are supplied to the target and mark pulse ; 
| mixer in which they are combined with the pulses of zone marks and of leck-on range ; 
f-merks and, when the target is locked on, with the pulses of locked-on target marks Po 
r taken from the respective circuits. Besides, if the radar operates jointly with set a 
: CRI0-2, applied to the target and mark pulse mixer from the FRIEND mark circuit are ie 3 
f the pulses serving for determining the national identity of the aircraft (the marks : 
i of the friendly aircraft). 
The target and mark pulses amplified by the video amplifier are supplied to the 
_¢athode of the cathode-ray tube of the indicator. Ae 
Tks range sweep circuit produces a linear voltage which, in the mode of scanning, 
p is supplied to the rotor of rotery transformer BT1-3 mechanically coupled with the 
» antenna reflector rotation axis. 
| The mutually-perpendicular linear voltages picked off the stator windings of the 
@ rotary transformer are supplied to the deflection coils cf the indicator to produce a 
 padial-circular aweep on the indicator screen. 
Such is tae way of synchronizing the direction of the antenna beam to the target 
with respect to the scanning aries and the direction from the centre of the screen to 
the target mark. 
In scanning, the target marks can be observed on the screen in the form of bright 
f arcs whose distance from the centre of the esreen makes it possible to determine the 
q target range, while the direction from the centre ef the screen to the target mark 
E makes it possible to determine the direction to the target from the scanning axis 
(Fig. 13). 
I? targets are located in the zone from 12 to 24° with respect to the scanning 
} axis, the target marks on the indicator sereen ere accompanied by additional radial 
q marks (zone marke} with a duration of 4 us (600 m on the indicator scale). And if 
e targets are in the zone between 24 and 36° with respect to the scanning axis, these 
marks have a duration of 10 ns (1500 m). The mark of a target situated in the zone 
fron 0 to 12° with respect to the scanning axis if not accompanied by the zone mark. | oS 
The identification mark makes it possible to distinguish friendly targets from ; 





hostile targets. It is shaped frcem the signal coming from set CP30-2 by the identifi- 











cation mark circuit. Set CP30-2 is started by a pulse of the synchronization system | 
when switch INTERROGATION (OMPOC) is turned on. The reply signal of the identificatio 
aet appears only when the target is friendly. When the identification system operates; 
the friendly target marks on the indicator screen are accompanied by additional wide - 
Barks situated farther than the Main marks. 

The lock-on range mark on the screen is displayed in the form of a ring with a 
derkened arc in the upper part. 

When locked on, all the targets situated in the area scanned by the antenna are | 
dispiayed on the indicator sersen in the form of rings, the ring of the tracked target 
being divided into three ares. 

Provision is made in the radar for manual and automatic shift of the scanned ares 
in azimuth by means of coupling a differential selsyn between the Tl-la transmitting © 
selsyn and receiving selsyn CH1-6 of the antenns. The manual shift is effected with 
She ald of knob ZONE SHIFT (CME. 30HH) by means of turning the rotor of differential | 
aelsyo CH6-1 through an angle of #30°, 

The automatic shift of the scanned area through an angle of +20° +3° is effected 
with the aid of the scanned area azinuth automatic shift control circuit which, in 
eyochronism with the deflection of the reflector, connects chokes to the open ends of 
the stator windings of selsyn CH6-1. 

When the antenna head passes from the mode of space scanning to the mode of di- 
recting the antenna to the target, the antenna stops its scanning function and starts 
the sighting function, which means that the deflection of the reflector from its rote- 
tion axis (the axis of the antenna head) discontinues (the rotating reflector ig kept 
im the zero position) while the radiator starts rotating, its axis being deflected 
with respect to the antenna head. The direction of the sighting sntenna head to the 
target can be effected both manually by the operator and automatically. , 

When the antenne head is manually directed te the target, the indication of the 
eutenna-positiouing Mark on the indicator sereen is effected by means of supplying 
the deflection coils of the cathode-ray tube with the yoltage taken from the position- 
ing potentiometers which are hechanically coupled with the TT-1A control panel. 

for Manwal direction of the antenna head te the target, use is made of synchro- 
Hous coupling between the azimuth end tilt transmitting selsyne mechanically linked 
with the 0-14 control panel aud the receiving selayns of the antenna (azimuth selsyn 
GH1-G and tilt celeyn CH1~5), 

When the handles and the control panel of TMI-lA are rotated, voltages are set up 
across the rotors of the receiving seisyne. The amplitude and the phase of the volt~ 
ages depend on the direction of the ant¢enna~positioning knob rotation. 

These voltages are amplified by the antenna-posi tioning voltage amplifier and 
supplied to the input of the azimuth and tilt commutators which also receive the 
rectangular pulses of the reference voltage multivibrators. As a result cf interac- 
tion between the voltages picked up from the rotors of selsyns CH1-6 and CH1-5 and the 
reference voltage pulses in the azimuth and tilt commutators, the outputs of the latter 
produce rectified voltages whose value and sign depend on the value and the direction | 
of rotation of the TI-1A control panel and handles. 

The output voltages of the commutators sre amplified by the direct current ampli- 
fiers (JIT) ana by the amplidynes (SMY), ana they are supplied to azimuth and tilt 
electric motors Ml-2 and Mi-1. The electric motors rotate the sighting antenna head 
until the voltage across the rotcrs of selsyns CH1-5 and GH1-6 becomes equal to zero, 
ie, until the antenna is brought into coincidence with the positions of the handles 
and the control panel of Tii-la. 





To provide stability in operation of the antenma-positioning electromechanical 


system, use is made of a damping syetem consisting of damping signal amplifiers (YC) 
_ through which a negative feedback is effected between the omplidynes and the direct 


, current amplifiers. 


At some instant, when directing the antenra to the target, the radio beam en~ 


1 counters the target and the pulses reflected fron the target get through the antenna 
| to the input ef the receiving channel. 


Just like in the mode of scanning, the reflected pulses are converted into inter- 


: hediate-frequency pulses, amplified in the IFA-30, detected, and amplified by the video 
F amplifier. 


From the output of the jamming rejection circuit, they are supplied to the auto- 


| matic angular lock-on device, while from the output of the video amplifier they are 
; BUpplied through the range selector to the input of the error signal separation cir- 
quit. 


The automatic angular lock-on device receives also a lock-on range pulse. It is 


f due to this pulse that the automatic lock-on device is caused to function only by the 
F pulses of such targets which are situated within the lock-on range. The lock-on range 


is set by the operator with the aid of knob LOCK-ON RANGE (TAIBH. SAXBe) depending on 


the level of the interfering effect produced by the reflections from ground objects. 
r The automatic lock-on device functions and switches over the radar from the antenne- 


positioning mode to the tracking mode. The functioning of the automatic lock-on de- 


} vice is indicated by lamp LOCK-ON (34EBAT)}, which starts glowing, and by the change~ 


over of the indicator from the mode of the antenna head axis indication (in case of 


f manual antenna positioning) to the mode of tracked target indication. 


When the target is locked on in angular coordinates, relay P3Y of the sutomatic 


angular lock-on device operates. Manual positioning selsyns CH1-6 and CH1-5 get dis- 
i connected from the antenna control circuits and the control of the antenna is passed 
+ to the target angle tracking circuit, with the reflector movement control circuit 


keeping the reflector in the sero position. The radiator of the antenna continues ro- 


t tating. 


When the radiator is rotating. the antenna beam discribes in space a conical sur- 


, face whose axis coincides with the reflector axis (Fig. 22). 


In this case, the target which 1s net located on this axis is illuminated during 


Fasingle revolution of the beam by pulses of electromagnetic energy whose intensity 


i varies. 


Therefore the amplitude of the reflected signal also varies. The amplitude varies 


P according to a periodic law which is almost like the sinusoidal law, the amplitude 
| variation frequency (the modulation frequency) being equal to radiator rotation rate 


It is obvious that the farther the target is shifted with respect to the axis of 


; the scanning cone (the reflector axis), the greater is the pulse modulation depth. The 
phase of the reflected pulse amplitude envelope is determined by the direction in 

) which the target is shifted from the equisignal direction: downwards, to the left, to 
. the Tight. ete. (Fig. 24}. When receiving reflected radic pulses whose amplitude 


ee oes 


‘¢hanges with time, the output of the receiver video amplifier produces video pulses 
_ whose amplitude varies according to the seme law which governs the variation of the 
e amplitude of the radio pulses at the input of the receiver. 


These video pulses pass through the range selector and then they are converted in 


: the error signal separation circuit into ean alternating voltage whose frequency is 
. equal to the rate of the antenna beam rotation and whose amplitude and phase are 
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determined by the angular shift of the target with respect to the equisignal direction 
This voltage is called the error Signal. If the amplitude of the reflected pulses does) 
not vary with time, which is the case when the target is situated in the equisignal 
direction there will be no error signal. 

The error signal voltage is amplified and converted into two opposite-phase volt- 
ages supplied through the P3¥Y angular lock-on relay to the azimuth and tilt commta 
tors. . 

Mounted on the antenna radiator rotation axle are two magnets of inductors. The 
coils of the inductors are 90° apart and produce two pulses whose recurrence frequency 
is equal to radiator rotation rate foo’ The pulses of the inductors trigger the azi- 
muth and tilt reference voltage multivibrators. 

The rectangular pulses of the multivibrators are supplied respectively to the 
azimuth and tilt commutators. | 

As a result of interaction between the error signal and the reference voltage 
pulses in the commutators, the outputs of the latter put out rectified voltages whose 
value and sign depend on the extent and the direction to which the target is shifted 
from the reflector axis. 

The voltages from the outputs of the azimuth and tilt commutators are amplified 
by the direct current amplifiers (YT) and by the amplidynes (9MY) and then supplied 
to the azimuth and tilt electric motors rotating thereby the antenna head in the di- 
rection of error signal decrease, i-e., in the direction of bringing the antenna head 
into line with the direction to the target. To eliminate self-oscillations of the an- 
tenna head in the angle tracking mode, use is made of a demping system consisting of 
damping signal smplifiers (YJIC). Through this system, a negative feedback is effected 
between the amplidynes and the direct current amplifiers. 

In order to provide a reliable accurate tracking of the target, the receiving 
channel should transfer the modulation of the target signals without distortion of its i 
phase and modulation factor under any conditions and in case of any variations of the 
amplitude of the signal caused by the target being tracked. For this purpose, the 
radar uses selected-target pulse AGC (pulse AGC). The pulse AGC changes the IFA~30 
amplification depending on the mean amplitude of the tracked target signal, provides a 
distortionless passage of the modulated target pulses through the receiving channel, 
and suppresses any parasitic modulation of the error signal (i.e., the modulation by a 
frequency which differs from fog 

The automatic antenna positioning is performed in the following way. Mounted on 
the antenna are reflector rotation transmitting rotary transformer BT1-2 and reflec- 
tor deflection transmitting rotary transformer BTl<«1 which, with their signals sum- 
med up, put out the coordinates of the reflector and, consequently, the position of 
the beam in space with respect to the antenne head axis. , 

In addition, there are antenna head position pickoffs: two potentiometers R1-l 
(of tilt) and R1-2 (of azimuth). 

The coordinates of the reflector and of the antenna head are supplied to the azi- 
muth and tilt phase detectors where they are summed up and converted into direct volt- 
ages whose values determine the complete coordinates of the beam in azimuth and tilt 
with respect to the aircraft axis, and these voltages are suppiied to the memory cir- 
cuits. , 

The target pulses are supplied to the hostile target generating circuit. When a 
hostile target is detected in the scanned area, this circuit produces a hostile target 
pulse and sends it to the automatic antenna-positioning device. The latter operates, 
starts thereby the azimuth and tilt target coordinate memory circuits, changes the 





fantenne operation from scanning te sighting, aud couples sntenuna contre] te tae memory 
F circuit. 
For memorizing the voltages corresponding to the beam coordinates, the menory sir- 
cuits are conductive only for a few milliseconds when the beam is directed to the 
target; they send these voltages to the direct current amplifier circuits through cope- 
pensating positioning potenticmeters R1-% (of tilt) and R1-4 (of azimuth) installed 
ron the antenna. 
: The sliders of compensating potentiometers R1l-3 and Bl-4 are mechanically linked 
| with the antenna head. 
The automatic antenna-positioning circuit operates in such a way that a single 
| definite position of the compensating potentiometer slider and, consequently, a defi- 
_ nite position of the antenne head at which there ia no unbalance between the currents 
of the direct current amplifiers correspond to a defiaite memorized voltage and, con-~ 
}sequently, a definite position of the target with respect to the scanning axis, 
As long as there is no such a correspondence, there will be an unbalance between 
the currents of the direct current amplifiers, and the electric motors will retaue 
;. the antenna head (until it gets directed te the memorized position of the target). 
When the antenna head gets Gicected to the target, the angular lock-on of the 
| target will occur and the system will start tracking the target. . 
With the target being tracked, the angular position of the antenna head (i.e., 
‘the anguiar coordinates of the target) is introduced into the computer with the aid of 
P four transmitting selsyns CHl-1 through CH1-4 which are coupled with the antenns head 
azimuth and tilt reducers. 
After the target is lecked on in angular coordinates, the range finder starts 
| operating, which serves for determining the target range (the distance to it) and the 
} closing speed of the target (the sange derivative). 
Tas range finder is an electronic follow-up system consisting of an Lacegrater, & 
; , Tange pulse generator, target pulee and range pulse coincidence circuits, end a Geri- 
| vative olrsuit. 

There ave tis Pollowing matuc, functional selatviony iu the rsage funder. 
The value by which the so-called range pulses shaped vy the raage pulse generate. 
Fare delayed with respect te the siert puises sorre sponds to the values of the integrator 
: outpus voltage. Thus, as the integrator output volvage changes, the delay of the yrange 
f pulses cheugas, %o0. 
When the avtomatic angular lock~on device funcvious, its relay FaY switches on 
' the rangs search circuit which causes the integrator output voltage to vary in accord- 
Rance wicca the sawtooth law. 
In this case, the range pulses start changing, from one repetitioa period to 
fF anothe:, their delay with respect to the start pulses withix the limits from 2 0 
, 40 ps. | 
The range pulses seem to be mowing along the time axis within these limits. 

If¢ the rwaage pulses and the target pulses applied to the automatic range Lock- 


e 
device coincide wita easa other (which will obviously occur ig the delay of the range 


‘pulses is equal te that of the target pulses with respect to the ataxt pulses), then 
ithe autematic range lock-on device will operate. 45 a result, the integravor starte 

t being coutrolied by the esincidence sirenits, which wsans thet the range finder pas-~ 
;8es frou the search mode te the mode of target tracking in range. 

In the tracking modz, the range finder operates as follows. 

, The range pulse (the so-called first ranges pulse) is applied to the first-puiscs 
coincidence circuit. The range pulse delayed by 0.5 ps in the delay line (the so-called 











second range pulse} is applied to the sacond-puise coincidence circuit. Applied to 
both coincidence circvits also is the target pulse. | 

if the target pulse coincides with the range pulses, the output of the coincid- 
ence circuits produces two pulses whose duration and emplitude are determined by the 
accuracy with which the first or the second range pulse coincides with the target 
puise. These pulses are applied in opposite polarities to the inputs of the difference 
detector of the derivative circuit. The difference detector separates a voltege pro- 
portional te the difference between the values of these pulses. This voltage controls | 
integrator cperetion through the amplifier of the derivative circuit. 

in this case, the integrator operates aS PoLlowa. The voltage at the output of 
the integrator grows if the Sarget) pulse coincides with the first range pulse to a 
greater extent than with the second range pulse, i48., when the target anyroaches. 
the target pulse therewith seems to be soming on to the first venee pulse. It ia ob- 
vieve that the higher is the closing speed of the taxget, the better the sarget pulise 
coincides with the first renge pulse, the greater will bs the contrel veltsge taken 
from the difference detector, and the quicker the integrater outpus yoisage will in- 
CYEase. 

4a tne output voltage increases, the delay of the renge pulses wit 
the start pulses decreases, i.e., the range pulses move in the NEARER (BUMHS) divec- 
tion, thereby tracking the target. 

if the closing speed of the target is equal to sero, the veltage serosa the aif- 
Yerence devector output is alse equal to zero and the range voltage does not change. 
In this case, the range pulses de no% change theix delay with respect to the start 
pulse. . 

Hence, in the mode of target tieacking in range, the output Tolitage of the intepra- 
ter is ea voltage @irectly proportional to the range (it is called “range voltage”). 

fhe output voltage of ths difference detector is directly oreportional to the 
Glosing speed. It ie emwplified and used as a vange derivative voltage Celoging spee 


Ps 


yoltage). 

IZ tne range lock-om relay (P34) operates, the range voltages is applied to she 
renge foliow-vp system where, iz accordanse with this voltage, sleetrie motes Mini 
vurns the siiders of the range potentiomesers, The resistance, proporticaal te the 
varget range, is lutroduced with the aid of the notentiometer eliders inte sre spore- 
priate devices of the aireraft symewent system. 

If a necessity arises to start tracking another target located in the same dimen» { 
tion but st a different distance, then the operator sess switch NEAR ~ PARTE 
(STMZE - LANLME) co the respective position. 

As a resuit, the automatic range lock-on device is switched off, while the range 
finder circuitry provides a free movement of the range pulses until the desired target 
is locked on, i.e€., the search in range bepine. 

When the range lock-on wrelay overetes im order to pe 
provide shaping of the mark of the leocked-on target in range, the range intieation cir- 
cult shapes a pulse which coincides in Gime with the Lockod-on Gareet pols 
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When the target is locked on, the hostile target separation cizsuit wate ont & 
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voitage of +230 ¥ which is applied to the automatic fixers 
for operation. 

In addition, when the range Lock-on relay operates. a range veltage is alsa ap- 
piled to the automatic fire-control device. And when the terget appfoachesr to she 
aimed fire renge, the automatic fire-control device cperstes and starts periodically 
(for the time of 1 to 2 seconds, at intervals of 1 to 2 seconds) delivering a voltage 
of 427 ¥ to the fire-opening cirenit. 
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When knob INDICATION ON is depressed, indication of the angular position of the 
‘locked-on target is effected with the aid of the degree scale of the indicator by ap- 
}plying a voltage preportional to the deflection of the locked-on target from the air- 
bcraft flight direction to the deflection coils of the cathode-ray tube, the voltage 
Ftaken from potentiometers R1l-~13 and R1-14. 
The generation of the target angular speeds by radar TPG-3 is effected with the 
aia of the angular-speed gyro pickoffs installed on the gyro platform. The gyro plat- 
form provides movement of the gyro pickoffs with angular speeds corresponding to the 
angular speeds of the target relative movement. For this purpose, control of the gyro 
‘platform ia effected from the radar antenna tracking the target through the selsyn 
‘synchronous follow-up system. The movable part of the gyro platform provides movement 
fof the angular-speed gyro pickoffs in two planes (horizontal and vertical) with the 
/aid of the respective drives (of azimuth and tilt) which are independent of each other. 
; The radar antenna mounts transmitting selsyns for angular position of the antenna 
head in azimuth (CH1-2, CH1-4) and in tilt (CH1-1, CH1-3)} which are mechanically 
} coupled with the respective reducers of the antenna. Me stators of these selsyns are 
‘electrically connected with those of the respective receiving selsynsa (CH19-1, CH19-2 
| tor azimuth and CH19-3, CH19-4 for tilt) installed on the gyro platforn. 
The azimuth and tilt drives are constructed on the principle of a two-channel 
| system, which means that the selsyn coupling between the gyro platform and the antenna 
'4s effected through coarse and fine channels. Mounted on the antenna and on the gyro 
platform are selsyns with a gear ratio of 1 : 1 (CH1-1, CH1-2 and CH19-1, CH19- -3) for 
the coarse channel, and selsyns with a gear athe of 1+: 41 (CH1-3, CH1-4 and CH19-2, 
| 0H19-4) for the fine channel. The fine channel provides a high accuracy with which the 
movable part of the gyro platform follows the antenna head, but it admits false matched 
positions (which occur every 11°36"). The coarse channel serves for eliminating these 
‘false matchings. Change-over from one channel to the other is effected by a selection 
circuit. 

The azimuth drive and the tilt drive are identical, therefore described below 
will be only the azimuth one. When the antenna head tracks a target in azimuth, the 
[rotors of the azimuth transmitting selsyns rotate, producing an electric error 
} signal in the circuit of the receiving selsyn roters. The error sa is proportional 
} to the angle of rotation of the antenna head in azimuth. 

The error signal is amplified by the respective amplifiers (the fine channel am- 
plifier, the coarse channel amplifier, the power smplifier) and then it is supplied to 
the electric motor of the gyro platform azimuth drive. The electric motor turns the 


novable part of the gyro platform,on which the gyro pickoffs are mounted, in the direc- . 


“thon of decrease of the error signal, and continues to turn it until the error Bignal 
becomes equal to zero, i.e, until the gyro platform movable part is in the position 
‘matched with the antenna head position. The angular-speed gyro pickoff responds only 
| to the angular speed of movement in azimuth and supplies the computer of the aircraft 
 ammament system with a current proportional to the angular speed of the antenna head 
} movement in azimuth. 

, - Hence, in the mode of target tracking by the antenna, the gyro pickoffs put out 
| the relative angular speed of the target. 
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IV. COMPOSITION AND CONSTRUCTIONAL 
DESIGN OF RADAR 


















Radar [MPC~3 consists of 25 constructionally completed units which are electrical 
connected between one another by a system of cables (unit 27K-15). The radio-frequen¢ 
units are connected between one another by means of waveguides. ; 

The arrangement of the equipment in the units takes into account the functional } 
relation between separate components of the radar. = 

Used as a basis for the constructional design of the radar is the principle of } 
combining the circuits and assemblies in functional channels with due regard for ar 
ranging the radar in aircraft with the cable system having the minimum length and 
quantity of wires. The units of the radar have abbreviated designations which are ins 
scribed on the Manufacturer's name plates of the units and in the technical documentsl 
for example: 2]K-1, QK-19, 24P17-9A, etc. 

The number that follows the dash in these designations denotes the unit number if 
the radar, for example: 20K-1 is the first unit in radar TEC=-3. j 

The assemblies, tubes, parts and other items installed in the units are designaté 
by letters which denote the abbreviated names of the items, by figures which denote th 
number of the unit in which the item is installed, and by the reference number of the 
item according to the schematic diagram of the unit, for example: CH1-2 is the second} 
selsyn in unit 27K-1, R10-9 is the ninth resistor in unit 20K-10, etc. 4 

Radar IPC-3 includes the following units: | 

~ Unit 20K-1 (the antenna) which contains mechanisms and motors for turning the | 
antenna head, for rotating and deflecting the reflector, for rotating the radiator, 
selsyns for directing the antenna and generating angular positions of the target, 

antenna-positioning and indication potentiometers and rotary transformers. 

- Unit 242 (the transmitter) which contains a magnetron oscillator and a modulatd 

- Unit 20%-% (the receiving, jamming rejection snd synchronization unit) in whick 
exe installed components serving for intermediate-frequency amplification, antidamming 
protection, synchronization, and automatic gain control. 

- Unit 20K-3 which contains 14 separate electrical-circuit assemblies having 
their own designations. 

- Unit 20k-4 (the indicator} which is compesed of a cathode<-ray tubes with focus- 
ing and deflecting coils, and a video amplifier. . | 

~ Unit 20K-5 (the connection box} which conteing components for awitching the 
circuits serving for control, monitoring, antenna positioning, tracking, coupiing of 
the radar with sight TI-la, and delivery of deta to the computer. 

~ Unit 20K-6 (the control panel). " 

- Unit 20K~7 (the control and monitoring panel) on which are arranged radar 
controls, a measuring instrument, and switches which make it possible to check opera- 
tion of all the channels of the radar. 

Unit 2AP17-9A (the amplidynes). 

- Unit O21K-10 (the angle tracking unit). Mounted in this unit are: automatic Zl 
angular lock-on device, error Signai separation circuit, azimuth and tilt commutators, 
reference voltage multivibratore, antenna~positioning voltage amplifiers, change~over | 
multivibrator, direct current amplifiers, and damping signal amplifiers. 

~ Unit 20K-11 (the range unit). Mounted in this unit are: rarge pulse generator, | 
coincidence circuit, range derivative circuit with difference detector, integrator, | 
range search and search starting circuit, range selector, speed selector, lock=-on ing | 
dication circuit, automatic lock~on device, and range follow-up system. 
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- Unit JE-12 - the supply unit with rectifiers and electronic stabilizers of volt- 
f ages: +230 V (st.}, -230 V (st.}, +300 V (st.)}. 

- Unit 124 (the indicator supply unit with +6000-V and +600-V rectifiers). 

- Unit 20K-14 (the mark and range sweep unit of the indicator). Mounted in this 
wit are: circuits shaping the zone, identification, lock-on range marks and the marks 
. of locked-on targets, mixer of mark and target pulses, hostile target generating cir 
cuit, range sweep generator, and synchronization and brightening circuit. 

; ~ Unit 20K (the high-voltage rectifier of voltage 17 kV for supplying the magnet- 
ron)». | 

- Unit 20K-22 (the radio-frequency receiving unit). The unit includes: discharger, 
signal and automatic frequency control balance mixers, klystron local oscillator, 
intermediate-frequency preamplifier, automatic frequency control preamplifier, and 
automatic frequency control system. 

~ Unit 20K-24 (the box of supply circuit pupeeys: 

- Unit 20K-25 (the waveguide line). 

- Unit 20K~26 (the klystron supply unit with ~300-¥ and -600-V rectifiers). 

- Unit K-28 - the supply unit with rectifiers and stabilizers of voltages: 
+120 V (st.), +150 V (st.), -150 V (st.)3 and a stabilizer of voltage 115 V, 380 te 
900 Hz. | 

- Unit 21K-29 (the automatic antenna-positioning unit). Mounted in this unit ares 
control and lock-on circuits, memory circuits, tilt and azimuth phase detector, auto- 
matic fire~opening circuit, and scanning circuit. 

~ Unit IE~19 (the gyro platform). Arranged in this unit are gyro pickoffs for 
target angular speeds in azimuth and in tilt. 

- Unit [K-30 (the unit of amplidynes which amplify the signals sent to the gyro 
platform). 

. ~ Unit 0K-31 (the connection box which couple the angular speed generating units 
with the defensive armament system). 

~ Unit [K-32 (the gyro platform amplifier). 

As to their construction, the units are composed either of separate removable 
standard assemblies or of separate removable mounting panels. 

The mounting panels are fastened to the frame of the chassis. The chassis has 
a removable cover and a bottom. Unit 2ik~3 represents constructionally a framework 
whose upper portion mounts removable standard assemblies. 

All the units in which electron tubes are used, and also unit 2uK-7 are mounted 
on shock-absorbing frames with shock absorbers, type Ail. 

- Unit 242 and unit 20K-22 are mounted on a common shock-absorbing frame. 

Antenna unit 2UK-1 is coupled with umits 2A2 and O0K-22 with the aid of waveguide 
line 2K~25. 

These units (20K-1, 242, 20K-22, and 20K-25) and unit 20K are pressurized, and in 
flight at an altitude higher than 3 km additional pumping is needed for then. 

All the control and check members of the radar are arranged in units 2gK-6, ciK~7 
and 20K-4. The fuses of the supply circuits are located in fuse box euK-24 which has 


blown-fuse indicating lamps. 
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¥. SYNCHRONIZATION AND NONSYNCHRONOUS 
FULSE JAMMING REJECTION CHANNEL 





4. PURPOSE 


The syncoronization and nonsynchronous pulse jamming rejection channel is design-| 
ed for timing the operation of the radar devices, for synchronizing the CP30—2 set 
identification system, and for protecting the automatic devices and the indication 


channel against nonsynchronous pulse jamming. 


B, MATIN TECHNICAL CHARACTERISTICS 


{a} The synchronizing pulse repetition frequency is f.. 

(0) The passing-through of nonsynchropous pulse jamming at frequencies up to 
6000 Hz is excluded. The vassing-through of janming having frecuencies higher than 
6000 Hz is possible only at such frequencies multiple of the radar pulse recurrence 
frequency. In this case, the pass-band does not exceed 2 per cent of the jamming 
pulse recurrence frequency. | 

fc) The amplitude of the master blocking oscillator pulses is not less than 60 Vf 
with a durstion of not less than 10 WS. 

(a) The amplitude of the sweep triggering pulses is not less than 40 V, 

(2) The amplitude of the synchronizing pulses is not less than 70 V with a dura- 
tion of 1 to 4 ms. 

(f} The amplitude of the start pulses is 130 ute ¥Y with a duration of 0.6 +0.1 ps; 

ig} The emplitude of the negative gate pulses is not less than 40 V with a dura- 
tion ef 65 +5 ps. 

(h} The amplitude of the target pulses sent to the automatic lock-on devices 
(counectors 63 and 67) is not less than 25 V with a duration of not ionger than i ps. 

{1} The amplitude of tue target pulses sent to the indication channel (connector 
263 than -O Yo with a duration of not longer than 1 WS « 
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, CRANNED GOMPOSITION 


The channel is composed of: 
(«} masver blesking ossillater circuit (as seuuly 3CS in unit O0e~%4¢3 


Cp) Sweep triggering pulse generator cireuit (ansembly 466 in onit ONK~4 5s 
fe) sveep aad synchronizing puise shaping circuis (in unit 20K~13)s 
(d} start pulse shavivg sireuit (ie urst 2a) § 
{s} megative gate peise shaping circuit (assembly 268 ia unis Okes}s 
(f} 1l0-MHz exciter circuit {essenbly £540 im wit 2K = % 3 3 
{g) ultrasonic delay line ¥I3 ( jiad—3 in unit iK= 3} § 
(2) 10-MH2 intermediate=-frequency amplifier (assembly 5C8 in unit 20K=-3)< 


(i} commtator (assembiy 168 in ucit 2UK 3 5 

(j) delayed~signal video amplifier and eathede follower circuit {assembly 406 
in unit O0K-3)3 

(x) coincidence circuit (assembly OZ in unit 20k~4)3 

(1) 10-Miz intermediate-frequency amplifier (If4-16} automatic gain control 
cizcuit (assembly 1103 in unit 2K~4). 
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D, DESCRIPTION OF FUNCEIONAL DIAGRAM 

The cperation and interaction of the components of the synchronization aad jamming | 
rejection channel is explained by the channel functional diagram and by the time rela- 
tionship diagram (Hig. 11}. The usin components of the synchronization channel (Fig. 9) 


are as follows: 
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FIG. 9. MASTER BLUCKING OSCILLATOR 
oENCHRONIZATION DIAGRAM 








~ the master blocking oscillator (assembly 3C8 in unit 2]K-~3) which generates po-. 
sitive and negative pulses with an amplitude of not leas than 60 V and a duration of 
not less than 10 ps. The blocking oscillator is started by ite own pulse passing 
through a pulse delay circuit; 

- the exciter (assembly 413); 

- the ultrasonic delay line (JIa3-3)3 

- the 10-MHz intermediate-frequency amplifier (IFA-10, assembly 5C8); 

- the video amplifier and cathode follower (in assembly 4C8). 

The positive pulses of. the master blocking oscillator (assembly 3C3) are applied | 
to the exciter (assembly 41731). 

The exciter generates radio pulses of a frequency of 10 MHz, whose duration is 
equal to that of the blocking oscillator pulses. The exciter pulses are applied to the’ 
input of ultrasonic delay line Ha3-3 which uses two inputs and delays these pulses by 
tT) and T, ps. To compensate the attenuation in the line, the radio pulses are supplied ; 
to the 10-MHz frequency amplifier (assembly 5C8) where they are amplified and converte 
into video pulses which are amplified in assembly 408 and used to start the master 
blocking oscillator. For synchronizing the radar with periods t5 and Ty) successively, 
only one of the pulses delayed by the delay line should be at the IFA-10 output. For 
this purpose, the IFA-10 input (assembly 5C8) is commutated by the commutator (assemb- 
ly 1¢8) pulses whose duration is Ts and T,° The commutator is caused to operate by the 
trailing edge of the multivibrator (in assembly 308) pulse which cuts off the blocking 
oscillator for 250 +50 ps. If it is necessary to conceal the recurrence frequency swing 
for the sake of radiocamouflage, the commutation of the IFA-10 inputs can be cut off 
by means of switch B3-1 SWING ~ OFF (KAYAHME - BHEJI.)}, and in this case the synchroni-~ 
zation of the radar is provided with period T, (Fig. 11). 

Since the blocking oscillator own period is selected to be longer than the delay 
time of the wltrasonic delay line, the blocking oscillator period depends on the de- 
lay time of the ultrasonic delsy line. 

In order to maintain a constant arplification factor of IFa~-10, use is made of © 
an automatic gain control circuit whose operation depends on the pulse of the master 
blocking oscillator. When the IF4-10 AGG circuit (assembly 117%) receives simultaneous- 
ly doth the master blocking oscillator pulses coming from assembly 308 and the delayed | 
pulses coming from assembly 5C8, its output produces a negative voltage proportional 
to the amplitude of the I¥A-10 output voltage. 

This voltage is supplied to assembly 5Ca@ to maintain the amplificetion factor 
constant. 

The positive pulses of the master blocking oscillator are used for shaping the 
aweep triggering pulses. 7 . 

The sweep triggering pulse shaping circuit (assembly 4C8) shapes positive pulses 
of a 40-V¥ amplitude. The positive sweep triggering pulses are supplied to unit 27K~-13 
where they are applied to the range sweep shaping multivibrator. 

The pulses pass from the multivibrator to the synchronizing pulse shaping cir 
cuit. The synchronizing pulse is shifted by 20 oa pe with respect to the sweep triggerti 
pulse so as to make the sweep zero coincident with the beginning of transmitter radia- | 
tion. ; 
From unit 20K-13 the synchronizing pulses are supplied through connection box 
2iK-§ to unit 242 where they are amplified by the starting amplifier and are used 
‘for atarting the submodulator. 

The submodulator generates start pulses with en auplitude ef 130 on ¥ and 


a duration of 0.6 +0.1 ys. 
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FIG. 10. DIAGRAM OF NONSYNCHRCNOUS JAMMING REJECTION IN RADAR 
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Fi. it. TIME RELATIONSHIP DIAGRAM 





The start pulse from unit 2A2 is supplied through the contacts of relay P5-il 

(unit 24K-5) to unit eqK-3 for starting the lock-on range pulse shaping circuit (as- 

; sembly Bat), and through line lis3~7 (which delays the beginning of the reception with 

: respect to the time of radiation of the transmitted signal) it is supplied for trigger- 
ing the negative gate pulse multivibrator (assembly 208). In the monitoring mode, it is 
supplied through the contacts of relay P5-12 to the monitoring pulse shaping circuit. 

In addition, the start pulse is supplied to unit 20H-22 for cutting off the intermediate~ 
' frequency preamplifier for the time when the transmitted pulse is radiated and the 

, ARC circuit is started, to unit 2TK-11 for starting the range pulse generator, to unit 
2lk=2S to be applied tc the dangerous range generator, and to set CHO=3. 

The protection of the radar against nonsynchronous pulse jamming and against 
nutual interference of radar stations depends on the principle of time selection. 

The pulses from the video amplifier (assembly GM3/) are applied to ome of the 
. inputs of the coincidence circuit (assembly 31120}, while to the other input of the 
coincidence circuit the same pulses are applied and delayed for one period in the 
delay circuit (assemblies 41132, Hs 3-3, 508, 408,Jis 3-4 and Jla3~-5, see Fig. 10). 

The operating condition of the coincidence cireuit is such that the signals may 
appear at its output only when the sarget pulses at the coincidence circuit inputs 
coincide with each other in time. Delay Lines Jis3-4 and lis 3-5 are needed for compensat@- 
ing for the shift of the delayed target pulse with respect to the pulse arriving direct~ 
ly from the video amplifier (assembly 6124). 

The necessity for compensating for this shift is explained by the existence of 
a certain advance of the delayed target pulse due to the fact that the blocking oscil- 
lator is triggered by the front edge of the trigger pulse. From the output of the 
coincidence circuit, the target pulses are supplied to the automatic range lock-on 
device {unit 2fK~11) and to automatic angular Lock-on device (unit 2iK-10} through delay 
line Is3-5 and the cathode follower (assembly 208), to unit 20K=13, and to the exciter 
(assembly 41130) for summation. Delay line Jla3-G compensates for the delay of tne iden- 
tification pulses arriving from seh CP3O-2, 


Since a certain lous of sensitivity occurs in the coinmeiégence circuit, unit 2ik-3 


i c 
uses a repeated summation circuit: the protected signals from the cutput of the coincid~ 


ence circuit are again delivered te the taput af tus axeciter (assembly 4130: where 
they are swimed up with the unprotectsd pulses arriving from the video amplifier (as~ 
sembiy SI[3/1}. 

Ib is aue to such a summation that tis sensitivity less is compensated for and 


; sig: a i 
the relation Samat, is imereased. 











Vi. RADIO-FREQUENGY AND AUTOMATIC 
FREQUENCY CONTROL CHANNEL 


A, PURPOSE 


The radio-frequency and automatic frequency control channel performs the follow 
ing functions: 

{a} generation of powerful radio pulses}; 

(b} reception of the redio pulses reflected from target and conversion of then 
kato pulses of intermediate frequency; 

(c} maintenance of constancy of the receiving channel intermediate frequency; 

(a) detection of noise jamming effect om the receiving channel, and changeover 
oY the magnetron and kiystron frequencies. 


3B, MATN BECHNICAL CHARACTERISTIC 


(a} Phe operating frequency range of the magnetron oscillator is Af at 
(>) Tae duration of radio pulses is 0.45 +9.05 ps at the level of 0.5 amplitude. 
{c) “he radio pulse repetition frequency is f.< 
(a} Bhe pulse power cf the transmitter is Pols? 
(e) The sensitivity of the receiving channel, as measured by the cisappearance 
ot the siemal in noise, is not less than 98 45 with respect to 1 mW. 
({} fhe klystron frequency change range is Af) 
fo} The intermediate frequency is 30 +0.5 MHz. . 
{h} The accuracy of maintaining the intermediate frequency constant by the suto- 
r 


matic frequency control circuit is not worse than +0.5 MHz. 
{i} The number cf the magnetron operating frequencies is 12. 
ij} The total time required for changing the magnetron frequency is not more than 
TAP oo 
1B 


OC, CGUanNES COMPOSITION 


Lae chanmel is composed of? 
ai sucable magnetron high~powsr radio pulse generator (N2-7) with the modulation 
device sake Mae2, F295, Ne-5, He-SYs 
‘pl susenma change-over switch {%22-1)3 
+ 


hala eed balence mixer (ffe2—1, Be2—"2}3 


(e? the AFC channel radi ose amet Balenke mixer (722-3, 22-4) 

(£) automatic Llntermediate-frequeney control preamplifier AFCPA /NYANY/ (N25<1, 
HeS~2, Nese) 

{g) slectronic AFC circuit (ede1, Nee—2, No6-3, Wee-4, Fev-1, We7-2, N27-3, N27 
woich performs electronic tuning of the klystron frequency; 

(hp) electromechanical AFO cireuit (W27-5, e756, W2T-7, Mye2ei, TFeds2, Mes1 3 
which performs mschanical tuning of the klystrom frequency, 

(i} slectromechanical search circuit (P2282, Rllo3-1, Ello-3) which performs mechac | 
gical eohenge ox the klyetron frequency when the high voltage isa switched cm and after 
The magnetron Crsquency has been changed, 

(i) automatic frequeney Lock-on device (25-4, 925-5, Weé5, fivo-6, W25-7, Pise1)- 
which switches over the electromechanical automatic frequency control cixeuit from 
the ssarch mode to the follow-up mode and vice versa; 

z 


(k) noise jamming resording circvit fassenbly 18134 in unit 2ik-3); 





(1) magnetron frequency change device (B7-4, P2-5, M2-2, Po-11, K6-2); 
(m) manual frequency control circuit (P22-4, R7-11, B7-7). 


D. DESCRIPTION OF FUNCTIONAL DIAGRAM 


The functional diagram of the radio frequency and AFC channel is presented in the 
} Album of Functional Diagrams. 
The synchronizing pulses delivered from unit 20K-14 to unit 2Ae are amplified by 
‘the starting amplifier (1/2 of H2-6, 32-5) up to a voltage of 170 V which is sufficient 
for making the submodulator conductive. In the intervals between the puises, the submo-~- 
} @ulator is cut off by a negative voltage of ~120 to -130 V. 
| The pulses arriving from the output of the starting amplifier cause the submodula- 
tor to conduct. The output winding of the submodulator pulse transformer produces po- 
} sitive pulses having an amplitude of 900 to 950 V and a duration of 0.5 ps which are 
applied to the control grids of the modulator tubes. 
: Before the arrival of the puises from the submodulator, the modulator tubes are 
; cut off by a negative voltage (700 ~ 850 V), and storage capacitor Ce-18 is charged 
from the high-voltage rectifier of unit 20K. When the positive pulse from the submodu- 
f lator is applied to the grids of the modulator tubes, storage capacitor C2-18 is dis- 
charged through the modulator tubes and magnetron Jl2-7, the latter generating a powerful 
L radio pulse which is delivered through the waveguide system to the radiator of the 
antenna. 
A part of the energy reflected from the target is received by the antenna and de- 
livered through the waveguide line to the signal frequency balance mixer. (22-1, 
| 22-2), which serves as the input stage of the superheterodyne receiver. In the balance 
f mixer, the frequency of the received radio pulse is mixed with the frequency of the 
;klystron local oscillator (122-2). As a result, the output of the mixer produces an 
| intermediate-frequency pulse whose frequency is equal to the difference between the 
frequency of the klystron and that of the arriving signal. This pulse is applied to 
the intermediate~frequency preamplifier. 
Operation of the transmitter and the receiver using the common antenna is pro- 
| vided by antenna switch RECEIVE ~ TRANSMIT (TIPHEM ~ TIEPRAAYA). 
In the course of radar operation, the frequencies of the magnetron and the klyst- 
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fron may vary within an appreciable range. This will result in a change of the difference 
r between them. To maintain the intermediate frequency constant, use is made of an auto- 
y matic frequency control device in unit 2UK-22. 

The magnetron pulse weakened by attenuator AT22-1 by 65 to 70 4B is supplied to- 
f gether with the 22-2 klystron oscillations to the AFC channel balance mixer (22-3, 
} 122-4), The output of the mixer produces intermediate-frequency pulses which are ampli-~ 
Pfied by the automatic frequency control preamplifier (tubes N25-1, W25-2, Ne5-3) and 
fapplied to the input of the electronic AFC circuit (26-1, N26-2, N26-3, Neo-4, Rev-i, 
} 127-2, 27-3, W274). 
; The adjusting voltage from the output of the electronic AFC circuit is applied to 
: the repeller of the klystron to adjust the klystron frequency so as to decrease the 
error. 
4 The initial tuning of the klystron frequency is provided by the electromechanical 
F search circuit, which consists of ‘search relay P22-2, klystron frequency change mecha~ 
‘nism motor reversing contacts Kl23-1, and directional search contacts Kii2-3. When the 
Pmagnetron does not generate, the control winding of klystron frequency change electric 
}notor M23-1 is disconnected from the search circuit, since relay P22-1 of the automatic 
lock-on device is de-energized. When the magnetron is switched on, its current flowing 


3f 











through the coil of relay P2~1 produces a positive voltage which makes normally cut- 
off tube Jic6-7 of the automatic lock-on device conductive. As a result, relay P22=1 
operates and the 115-V¥ 400-Hz voltage is applied across the control winding of elect~ 
ric motor M25-1 through contacts 2 and 4% of relay P22-1, contacts 1 and 2 of KM2-2 and 
the contacts of search relay P22-2. | 

Assume that prior to applying the high voltage to the magnetron, relay P22=2 is 
de-energized, which corresponds to the preceding tuning of the magnetron for increas- | 
ing its frequency. The motor will start rotating in the direction of the normally open 
contact of group Kile3~1, changing the frequency of the klystron. If the frequency is 
not locked in this case, the cam mounted on the klystron frequency change mechanism 
c.0s5es the normaily open coatact of group HI23-1, connecting search relay P22-2 to 
the ground. The relay operates, performing self-locking through its contacts 2 and 
9, the normally cicsed contacts of group KIl23-1 and contacts 3 and 4 of group Kl2=3, 
and its contacts 11, 5 and 4, 10 invert the phase of the voltage across the control | 
winding of electric motor M23-1. The electric motor starts rotating now in the direc- 
Sion ox the normally closed contact of group Hll23-1, the frequency of the klystren 
again changes and, when the difference between the klystron frequency and the magnet- 
ron frequency becomes equal to the intermediate frequency, the automatic lock-on devicd 
Will de-ensrgize relay P22-1, thereby switching the control winding of electric motor 
M23-1 from the search circuit to the output of the electromechanical AFC circuit (to 
output winding 8, 9 of magnetic amplifier My22~1}. 

fhe electromechanical AFC circuit consists of a servo~auplifier({N27-5, 27-6, 
e2?=-7}, magnetic amplifier M¥22-1, drive motor M23~1 with the klystron frequency change 
mechanism. The output winding of magnetic amplifier MY22-1 is connected with the cont- 
rol winding of motor M23-1 through the normally closed contacts of relay P2e~-1, If the 
frequency of the klystron or that of the magnetron changes, the output of the AFC cir 
cuit produces an error voltage which is supplied to the repeller of klystron N22-2 and 
to the input of the servo~amplifier (27-6). The output voltage of the servoramplifier 
18 Supplied through the magnetic amplifier to the control winding of motor M23-1 of 
the kilystron frequency chsnge mechanism which changes tre xlystron frequency so as 
to maintain the constant difference between the frequency of the klystron and that of 
the magnetron, For stabilizing the servo-amplifier, use is made of a feedback. The 
feedback voltage is applied from the output winding of transformer Pp22-2 to the servo- 
amplifier (27-5), and is adjusted by means of potentiometer R22-28. The electrome~ | 
chamical AFG circuit is switched from the search mode to the follow-up mode by means off 
the automatic frequency lock-on device (N25<-4, 125~5, i2e~6, He6—7, Fe2-1, 26-5). 

if the klystron frequency is tuned correctly, the intermediate-freauency pulses 
are applied from the output of the AFC preamplifier to the input of the lock-on cir= 
cuit. Tube 26-7 gets cut off, de-energizing the lock~on relay which switches the cont-| 
rol winding of motor M23—1 frem the search circuit te the output of the electromechani-| 
cal APG circuit (to the output winding of magnetic emplifier MY22-1). 

When noise jamming is received by the radar receiving channel a change of the 
magnetron frequency is effected. The noise jamming voltage is supplied from the output 
of assembly GI34 (in unit 20K~-3} tc the input of the jamming recording circuit in unit 
CHE 5. The jamming recording circuit consists of selector fl8—1, video amplifier M18-2, 
emplitude detector 18-3 and controlling tube Wi8-4 with P5-11 im the anode circuit. 
Tube J8=l is normally cut off through its control and suppressor grids. Tube Wi8~i em- 
plifies the jamming signal whose level exceeds the threshold of the jemming recorder _ 
operation only during the time of action of the lock-on range pulse. The commutation 
of the jamming recorder by the lock-on range pulse is required for preventing the jan- 

ing ladication circuit from operation under the effect of the pulses reflected from 





F the ground. Switch B7-4 switches the magnetron frequency change from automatic to manual 

| by breaking the anode supply circuit of thyratron JI18-4. 

When the automatic frequency change is in operation, the recorder is responsive 

|. to such noise jamming the amplitude of which exceeds 18 +2 V. In this case, the thyrat— 

| pon J118-4 current pulse causes relay P5-11 to operate. One group of contacts of F5-11 

| (2, 3) ig used to actuate relay Pe-5 of the magnetron frequency change mechanism. Anoth~ 
er group of the contacts (5, 6) breaks the circuit which delivers a start puise to 

| unit 2UK-3, because of which the receiver becomes cut off. 

When operating, relay P2-5 performs self-locking through contacts 1 and 2 and 

| through group Ell2-1. The interlocking circuit remains effective until the magnetron 
frequency change mechanism performs 4 certain angle. After the mechanism has performed 
the complete angle required for the frequency change, this group of contacts removes 

a voltage of +27 V from relay P2-5 to switch the motor into the dynamic braking con- 

; dition. 

In addition to the above-mentioned contact groups, the Magnetron frequency change 
mechanism has twe more groups of contacts Mle-2 which switch off the transmitter and 
stop the klystron electromechanical search during the change of the magnetron frequen~ 
ey, and also a group of contacts (Kil2-3}) which dictate the direction for the JI22e-2 
klystron electromechanical search. oe) 

Tie directional~search contact group (Kll2-3) consists of two normally open and two 
normally closed contacts. Depending on the direction in which the magnetron frequency 
is changed during switching to a new frequency of the program, either one or the other 
group of contacts functions, breaking or closing the circuit which switches on electro- 

mechanical search relay P22-2. 

As a result, the search is oriented in the proper direction prior to the switching- 
on of the transmitter (i.e., at the time when the transmitter is tuned to the new fre- 
quency of the program). 

In the mode of manual frequency control without switching on the high voltage, 
the voltage of +27 V is supplied through contacts 4 and 5 of relay P7-1 to relay Pe2-4. 
Relay P22-4 operates, and the control grid of tube F27-7 of the servo-amplifier gets 
connected through contacts 5 and i1 to follow-up potentiometer R23-1 to which a nega~ 
tive voltage is supplied through contacts 2 and 9 of relay P22-4,. The error signal 
taken from potentiometer R23-1 sets the klystron to the middle point of search and 
holds it there. | 

In the mode of manual frequency control, contacts 7 and 12 of relay P22-4 switch 
the klystron repellier from the output of the automatic frequency control circuit to 
resistor R7—11 FREQUENCY (4ACTOTA) which sets the required frequency of the klystron 

_ within the generation range. : 

a In the mode of manual frequency change, when knob FREQUENCY CHANGE (K6-2 on unit — 

 2IK-6) is depressed, capacitor C5-1 is connected to divider B5-1, Ro-4, which has just 

; been formed up, and starts being charged. The charge current flows through the coll of 
relay P5-ll. The relay operates and the change of the magnetron frequency is effected 
in the same way as in the automatic mode. 

In the AFC SEARCH (IMM0MCK AIT) mode, resistor Ree-14 is grounded through switch 
B7-7. In this case, the negative voltage of ~4300 V on the control grid of tube N26-7 


- decreases, the tube starts conducting and causes relay P22-1 to operate. The relay 

 eontacts connect the control winding of the klystron frequency change motor to the fre~ 
quency search circuit. The AFC SEARCH mode is required for monitoring the operation 

| of the search circuit without switching on the high voltage. 








Git, SECRTVENG CHANNEL 
A rg Tr a FO Te 
A, PURPOSE 


Tue receiving channel is designed for converting the signals reflected from the 
target avd received by the antenna into the intermediste~frequency pulses, for ampli- 
fying and converting them into target video pulses, 


B, BATH PECHNTCAL CHARACTERISTICS 


fu? “io gavplitede a the unprotected output of unit 2K-3 is 14 to 26 V. 
: fae moise Level at the unprotected output of unit 21K-3 (with the AGC operat- 
iayug) da TO +2 ¥, 
¢ 


(o} She arplitude ef the leock-on range pulses ie not less than 55 VY. 


7p VOANHEL COMPOSITION 


“ic chamwasi 18 composed ofs 
Ca pAb tone reg aeacy head (in unit 20K~22); 
fo) inbermediats-frequency preamplifier (IFPA, assembly 24164 in unit ONK-22); 
sy 30—-Mig st cited to tauteenn snes amplifier (IFA~-30) with a detector at its out- 
put Cussembly 106 in unit 2UK-3); 

{a} video arplifier with cathode followers (assembly G13 in unit 20K-3); 

(2) the reception keyer and lock-on range pulse generator (assembly SM30 in 
wilt 2K-3)}, . 

(v) neizge sutomatic gain contrel circuit (assembly 9130 in unit 20K-3); 

Cg} wulee extowatic gain control circuit (assembly 1978 in unit 21K=-3); 

(i) veferencse pulse shaping circuit (in unit 2LK-3); 


i) jewnine resording cireuit (assembly 181132 in unit 2UK-3). 


3 BXSORETRETONS OF YFONCTIONL. DIAGRAM 


fine operetion snd interaction of the receiving channel components are explained 
ay the fouctiens) diagram and the time relationship diagram (Fig. 12). The conversion 
ef the vadioefosqnensy pulses reflected from targets into the intermediate-frequency 
walsce is effected with the aid of the radio-frequency head. The intermediate-frequ- 






ency Dulges are supriicd from the radio-frequency head to the balanced input of the 
intermedi ate-frecvency preamplifier (assembly 24TiGh), The balanced circuit of the 


intermediate-Srequency oreamplivier input makea it possible to decrease the local 
vacilleter noise at the IFPA input and to improve thereby the sensitivity of the 
receiver in ceuparigon with the ordinary circuit. Besides, to exclude the passage of 
the teangnithed nulse, the IFPA is cut off by the start pulse arriving from unit 22, 
In the eso ibration wmode, reley P22-5 (in unit 2NK-22) operates, breaking the 

cimeuit that celivers sche start pulse to the IFPA, and the transmitted pulse needed 
(oe calibration passes into the receiving channel. 

svon the LI¥PA sutput, the intermediate-frequency pulses are supplied through 
rial cable 61 to the input of the intermediate-frequency amplifier (assembly LIS). 
Iki ossembly 1706, the intermediate~frequency pulses are amplified, converted into 
videe puiges, aid then supplied to the input of the video amplifier (assembly 674i). 
From Gia outont: of sssembly 67431, the target video pulses are supplied to the range 
unit {2RE-LL3} se be applied there to the jamming recording circuit (assembly 18132), 
to the nolee AGG circuit Caeseably 9740), to one of the inputs of the coincidence 


% 


civeuisS (assembly 47325 end to the delay channel (assembly 41131, 133-3, assemblies 


Oe 





SC3, 408, Us}, 323-5), 
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FIG. 12. DIAGRAM OF TIME RELATIONSHIP IN 
RECEIVING CHANNEL 














The intermediate-frequency amplifier (assembly 116) is constantly cut off through 
the control grids of the first four etages by a negative voltage of 8 to 12 V taken : 
from the anode of reception keyer I8-1 (assembly 613). The IFA-30 is made conductive 
for the time of noise passage and for the time of reception by the keyer pulses: by 
the first pulse of a 10-ps duration - for the passage of the noise necessary for ope- 
ration of the noise AGO circuit; by the second pulse of a 65 +5-ns duration - for the 
time of reception (see Fig. 12 for the diagram of time relationship). To make the 
IFA-30 conductive for the time of passage of the noise pulse, a negative 
pulse from the master blocking oscillator (assembly 3C8) is applied to the input of 
the keyer (assembly 8113). To make the IFA-30 conductive for the time of reception by 
the radar, applied to the input ef the keyer are the negative gate pulses from the 
gate pulse multivibrator circuit (assembly 2C8) which is started by the start pulse 
delayed by variable delay line 34-7. This delay is needed for suppressing the trans- 
mitted pulse which has passed through the IFPA. 

For reducing the range of variation of the locked-on target signal amplitude at 
the output of the receiving channel, provision is made for selected-target pulse auto« 
matic gain control which influences the grids of the first four tubes of assembly II6, 

The selected~target pulse is supplied from the range selector through coaxial 
cable 64 to the selected—target pulse cathode follower (assembly 4C8). The selected- 
target pulse is widened in assembly 4C8 und supplied to the pulse AGC circuit (assemb- 
ly 1978). The control tube of the AGC circuit (119-4) is commutated through its cont- 
rol grid by the lock-on range pulse which is shaped by the leck-on range pulse gene~ 
rator. 
With the arrival of the target pulses whose amplitude exceeds 20 V (the threshold 
of the AGC circuit operation), the pulse AGC circuit generates a negative voltage 
proportional to the signal amplitude. This voltage is applied to the grids of the 
first four stages of the intermediate-frequency amplifier (assembly 116) where it 
maintains the amplitude of the selected-target pulse at not more than 26 VY in case the 
power of the input signals increases by 50 GB with sili to the threshold of the 
AGC circuit operation. 

When switch MCG - AGC (PPyY - APY) of unit oNK-7 is in the MGC position, the 
IFA-30 amplification is controlled manually with the aid of the manual gain control 
eircuit (assembly 9113). In this case, the selected-target pulse cathode follower 
(assembly 4C8) is cut off by the negative voltage supplied from unit 2UK-7, and the 
pulse AGC circuit does not operate, The control grid of the manual gain control tube 
(19-4 in assembly Omi) is supplied with a voltage picked off potentiometer R7-12, In 
this case, picked off the anode load of JI9-4 is a negative voltage which is ap- 
plied to the control grids of the first four stages of the IFA-30 (assembly 16). 

The reception keyer (assembly 813), the pulse AGC circuit (assembly 1978) and 
the manual gain control circuit (assembly 913) use a common load. The maintenance of 
a certain level of nvise at the output of the receiving channel is effected by the 
noise AGC circuit (assembly 9131) which stabilizes the amplification factor of the 
intermediate-frequency preamplifying stagea. Applied to one of the inputs of the 
noise AGG circuit is the noise from the output of the video amplifier (assembly 63), 
and applied to its other input are the positive pulses of the biocking oscillator. 
If the noise pulse coincides with the blocking oscillator pulse, the output of the 
circuit produces a negative voltage proportional to the amplitude of the noise at the. 

output of the video emplifier (assembly 6f31). This negative controlling voltage of 
the noise AGC circuit ig supplied to the IFPA (assembly 24i6R of unit 2NK-22) to 
maintain the noise level at the receiving channel output at 10 +2 V. Operation of 
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| , the noise AGC circuit depends on a noise pulse of a duration of not less than 10 ps, 
vhich leads the start pulse by 20 +4 pe, thereby preventing the target pulses fron 
| getting into the region of the noise pulse. - 
| For checking the serviceability of the radar with the aid of its monitoring sys- 
| tem, unit 21K-3 is provided with a monitoring pulse shaping circuit, 

: If relay P5-12 in unit 2K-5 operates (the monitoring mode), a start pulse from 
| unit 242 and a reference voltage from unit O2Kk-10 are applied to the test pulse shap- 
i ing circuit. This circuit shapes two negative test pulses modulated by frequency ft. in 
} end supplied to video amplifier 6131 and through the protection circuit to the auto- | 
; matic lock-on devices and to the indication channel. 
| A change of the magnetron frequency is effected when the jamming recording cir- 
| cuit (assembly 18730) located in unit 20K-3 is brought into operation by the delibe- 
| Yate noise interference supplied to its input from assembly 6130 (unit 2UK-3). In this 
F case, relay P5-11 in unit 20K-5 functions and breaks the circuit which delivers the 
start pulse to unit QUK-3, cutting off the IfA-30 for the time of reception. 

In order to prevent the automatic lock-on devices and the jamming recording cir- 
( cuit from being operated by the pulses reflected from the ground these pulses are 
: gated by the lock-on range pulses, The lock~on range pulses are shaped by the lock-on 
| renge pulse generator located in assembly SI3l of unit 2K-3 and started by the start 
| pulse, | 
The duration of the lock-on range pulse can be adjusted within the limits from 
6-12 ps to not less than 45 ps by means of potentiometer LOCK-ON RANGE (JAbH. 3AXB. ) 
} installed in unit 20-6. | , 











VIII, INDICATION AND IDENTIFICATION CHANNEL 
A. PURPOSE 


The indication and identification channel is designed for determining the posi- 
tion of the target with respect to the aircraft flight axis in the. antenna scanned 
area, for displaying the process of directing the antenna to the selected target with 


the aid of the antenna~positioning mark, as well as for determining the national iden- a 


tity of the target with the aid of identification set CP30-2. 

The indication channel provides: 

(a) determination of the target space position: 

~ in the scanning mode, the target range is determined within distances from 0 
to 10 km; the direction to the target with respect to the scanning exis and the angle 
between the scanning axis and the direction to the target are determined with the aid 
of zone marks; © 

~ in the tracking mode, the target renge is determined within the same dist- 
ances as in the scanning mode; the azimuth and the tilt of the locked~on target are 
determined with the aid of the antenna head position mark; 

(b) display of the identification signals from set CP30-2; 

(c) determination of the target lock-on range; 

(a) indication of the locked-on target; 

Ce) generation of the hostile target pulses and of the +230-V voltage (when a 
hostile target is locked on) to be sent to the automatic antenna-positioning unit 
(22K-29) ; 

(f) display of the process of directing the antenna to the selected target in 
the mode of manual antenna positioning with the aid of the antenna-positioning mark. 

The appearance of the indicator screen in the scanning mode and in the target. 
lock-on and tracking mode is shown in Figs 5 and 8. 


B. MAIN TECHNICAL CHARACTERISTICS 


(a) The range resolution is not worse than 250 m, 

(b) The permissible error in determination of range should not exceed 450 m at 
distances from 400 to 4500 m and 10 per cent of the nenge at distances from 4500 
to 10,000 m, 

(c) The error in determination of the azimuth and tilt of the locked-on target 
does not exceed +5° at angles up ¢0+435° and 15 per cent at angles greater than 35°, 

(d) The duration of the zone marks is as follows: 

- for zone I - no mark available; 

~- for zone IT ~ 4 ms (600 m); 

- for zone III - 10 ms (1500 a). 


C, CHANNEL COMPOSITION 


Housed in unit 2K-135 are the following components: 

(a) the circuit for shaping the Tange sweep voltage, brightening and synchroniz- 
ing pulses; 

(o>) the circuit for generating the hostile target signals in scanning and the 
+230-V¥ voltage in locking on the hostile target; 

(c) the zone mark shaping circuit; 

(d) the identification mark shaping circuit; 
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(e) the locked-on target mark shaping circuit; 

(f) the lock-on range mark shaping circuit; 

(g) the mixer of signals and marks. 

Housed in unit oOK-4 are the following components: 

(a) the cathode-ray tube (14-1) with deflection yoke; 

(b) the video amplifier-limiter of signals and marks (14-2). 

Housed in unit QK-1 are the following components: 

(a) zone mark commutator Bl-6; °° 

(b) rotary transformer BT1-3 which serves for producing a radial-circular sweep; 

(c) antenna heed position potentiometric pickoffs R1-13, R1l-14; 

(a) locked-on target mark and lock-on range mark commutator Bl-7, 

Housed in unit 20K-6 is switch B6-3 INTERROGATION (OMFOC). 

Housed in connection box 2IK-5 are the following components: 

(a) relay P5-15 for coupling the supply to the potentiometric pickoffs of Tl-lA 
when the antenna is directed manually; 
(bo) relay P5~-14 for switching the deflection coils from the stator windings of 
the sweep rotary transformer to the potentiometric pickoffs of Ti-lA when the antenna 
ig directed manually; | . 

(ec) relay P5-8 for coupling the antenna potentiometric pickoffa to the deflection 
tolls when the antenna head position is displayed; | 

(4) relay P5-24 for feeding the +230-V voltage to the automatic fire control 
evice of unit 20K-29 when locking on in range. 


D. DESCRIPTION OF FUNCTIONAL DIAGRAM 


e-Sweep, Brightening~Pulse 

and Synchronizing-Pulse Shaping Circuit 

The sweep triggering pulse arriving from unit OMK-3 (assembly 4C8) triggers the 
bveep driven multivibrator (113-1) through the buffer stage (1/2 of 113-2). 

The positive pulse of the multivibrator is supplied through the phase-inverter 
stage (113-6) to the trapezoidal-voltage generator (1/2 of 113-2) to start it. The 
generator generates a trapezoidal pulse which is supplied to the two-stage amplifier 
(1/2 of 113-3 and 113-4) and from the output of the latter the pulse, in the positive 
polarity ,\ is applied to the circuit of sawtooth current generator 113-5. Connected 
into the anode circuit of the current generator is the primary winding of matching 
transformer Tp13-3, 

The secondary winding of the transformer is connected across the winding of the 
BT1-3 rotary transformer rotor mechanically coupled with the 20K-1l reflector rotation 
pyle with a gear ratio of 1: 1. . . 

The stator windings of rotary transformer BTl-3 are connected through the normal~ 
| closed contacts of relays P5-14 and P5-8 in connection box 2UK-5 to the vertical 

mi horizontal coils (14-4) of the deflection yoke of indicator 2K-4, 

4s the antenna reflector rotates, range-sweep sawtooth currents flow through the 
oe coils, These currents are modulated in amplitude by sinusoidal and cosinu- 
foidal envelopes at the frequency of the antenna reflector rotation. In this case, the 
range sweep line rotates round the centre of the indicator screen in ee with 
me antenna reflector rotation, 

For stabilizing the range sweep, the circuit uses a deep voltage feedback. The 
feedback voltage is picked off potentiometer R13-53 SWEEP AMPLITUDE (AMI, Pa3B.) and 
mppiied through the cathode follower (1/2 of 113-8) to the circuit of the amplifier 
Birst stage (1/2 of 113-3). . 











Since the range-sweep voltage is applied across the deflection coils through 
the rotary transformer, ite direct voltage (current) component disappears. Therefore, 
the sweep line rotates not round its beginning but round the point corresponding to 
the passage of the gweep current through the zero value. In order to bring the begin- 
ning of radiation by the transmitter and that of C-R tube brightening into coincid- 
ence with this point, they should be delayed with respect to the beginning of the 
sweep for a certain time which is determined by the recurrence frequency and the du- 
ration of the sweep. The delay and the shaping of the Serene pulses and the 
brightening pulses are effected as follows. 

The positive pulse of the range sweep multivibrator (113-1) is supplied through 
the phasge-inverter stage (113-6) to the sawtooth voltage generator (1/2 of 113-7), 
from which the sawtooth voltage is applied to the comparison stage (1/2 of 113-7). 

The comparison stage shapes a negative brightening pulse delayed with respect to the 
sweep starting pulse. The value of the brightening-pulse delay with respect to the 
beginning of the sweep is set by means of adjusting knob SWEEP ZERO (HYIb PA3B.) and 
is approximately equal to 20 ms. | 

The brightening pulse is amplified by the amplifier (1/2 of 113-8) and supplied, | 
in the positive polarity, through the cathode follower (1/2 of 113-9) to the grid of 
the cathode-ray tube (J4-1 in unit 2UK-4) to brighten the tube for the time of the 
sweep forward motion, starting from the instant when the sweep passes through the 
centre of the screen. In order that the value of the brightening pulse delay with 
respect to the sweep triggering pulse will change automatically with the change of 
the repetition frequency, the sawtooth voltage generator is supplied from the integ- 
rator (413-26) whose direct output voltage varies with variation of the sweep on-off 
time ratio. The variation of the integrator direct voltage results in a change of the 
sawtooth voltage steepness, which causes a change of the brightening pulse delay. 

Yor shaping synchronizing pulses (transmitter triggering pulses), use is made of 
the front edge of the brightening pulse which is supplied through a differentiating 
network (0135-19, R13-46) for triggering the synchronizing pulse generator (1/2 of 
413-9 and 1/2 of U13-10). The generator shapes positive synchronizing pulses which 
are supplied through the cathode follower (1/2 of 113-10) to unit 242 to trigger the 
submodulator synchronizing pulse amplifier. 

Besides, picked off the synchronizing pulse generator through the cathode follovwe | 
er (1/2 of 413-18) and the contacts of relay P13-2 is the pulse to trigger set CP30-2, ‘ 


Zone Mark Shaping Circuit 


Indication of the target angular position in the mode of scanning is effected 
with the aid of zone marks which are located behind the target marks and are of the 
shape of narrow dashes. The entire scanned area is divided into three zones (Fig. 13). 
When the target passes through the first zone, there is no mark behind the target mark, 
The duration of the second-zone mark is 4 ms (600 m), and that of the third-zone mark 
is 10 ms (1500 m), Shaping of the zone marks is effected in the following way. 

Packets of target pulses from the output of receiving unit 2K-3 (assembly 2C8) 
are aupplied to unit O]K-13 to be applied to the storage circuit through the minimus 
end maximum limiter. The storage circuit (1/2 of 113-14) utilizes each packet of 
target pulses (the number of pulses in a packet varies from 8 to 25) to shape a wide 
positive pulse whose duration is equal to that of the packet. Through the amplifier 
( 1/2 of 113-14), this pulse triggers the sawtooth voltage generator (1/2 of 413-15) 
whose sawtooth pulse is applied to the grid of the normally cut-off tube (1/2 of 
13-15) of the comparison stage. Picked off the comparison atage is a negative pulse 
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which is shifted with respect to the first pulse of the packet by 4 to 5 pulses. This 
puise is differentiated and, now in the form of a negative-polarity l-ys duration 
gate pulse, is applied to the comparison circuit (1/2 of 413-16). Applied to the same 
circuit are the target pulses which are picked off the divider located in the locked- 
on target signal suppression stage. While the gate pulse is effective, the target 
video pulses pass from the coincidence circuit through the amplifier (1/2 of 113-12) _ 
for triggering the multivibrater (1/2 of 113-12 snd 113-135) which generates zone mark | 
pulses delayed with respect to the first pulse of the packet by 3 to 5 pulses. The 
duration of the zone marks is determined by the value of the positive voltage on the 
first anode of the multivibrator. This voltage is picked off zone mark commutator 
Bi-S located in unit O2K-1 and mechanically coupled with the mechanism of reflector 
deflection, When the antenna illuminates the first zone, the chassis potential is 
applied to the multivibrator anode, with no marks being produced. 

In the second zone, the commutated voltage is equal to +120 V, the duration of 
che marks being 4 as. In the third zone, the commutated voltage amounts to 300 ¥V, and 
the duration of the marks to 10 ms. 

From the second anode of the multivibrator, the marks are supplied to the signal 
and mark mixer (113-19) where they are mixed with the target and identification marks 
arriving from the identification pulse shaping circuit, and with the lock-on range 
pulses, From the mixer, the signals snd marke some to the input of the video amplifier 
Limiter (24-2) located in wnit 20K-4 where they sre limited in the maximum, amplified 
and then sent in the negative polarity to the cathode of the cathode-ray tube 
to modulate the electron beam in brightness. 


Circuit for Shaping Locked-On Target Mark 

and Lock-On Range Mark — 

In case of angular lock-on, all the targets within the aree scanned by the antennd 
are displayed on the indicater screen in the form of solid rings. The locked-on target | 
mark is represented by a ring broken by three unbrightened arcs (Fig. 14). This mark 
ia shaped in the following way. When the target is locked on in renge, lock~on indica 
tion pulses coinciding in time with the locked-on target puises are supplied frem unit} 
DQIK-11 te the commutating stage (1/2 of 113-18) through delay line Jis13-3. From the 
output of the commutating stage, the lock-on indication pulses are supplied to the 
locked-on target suppression circuit (113-17). 4lso swoplied to this circuit are the — 
target pulses from unit 2K-3. In this case, the locked-on target signals are auppres-| 
sed by the lock-on indication pulses and do not pass to the mixer. The commutating | 
etage is cut off by the voltage of ~150 V three times for the period of one revolution! 
of commutator B1-7 mechanically coupled with the reflector rotation axle, with the 
lock-on indication pulses being not applied to the suppression circuit, and the locked 
on target signals passing to the mixer. 

fhe lock-on range mark makes it poasible to determine the range of locking on the] 
tergets with the aid of the indicatcr screen. For triggering the circuit, use ig made 
of the trailing edge of the lock-on range pulse shaped in unit 2UK-3 (assembly SI3h). | 
This pulse is applied to the differentiating stage (1/2 of H1lZ-11) to trigger, by 
means of its trailing edge, the blocking oscillater (1/2 of 113-11) at such mouents 
when the ground potential is applied te the differentiating stage with the aid of 
commtator B1-7, The commtator ring used for this purpese haa a conductive section 
of 300°, therefore the lock-on range pulse mark is represented by a ring with en un- 
brightened section of 60°. 
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fhe lock-on range mark pulses are then supplied to the signal and mark mixer 
(113-19). 


Identification Mark Shaping Circuit 

The identification marks located behind the target marks and differing from then j 
by a greater duration (about 2s) are used for determining the national identity of 
the target. For this purpose, radar MPC-3 is coupled with set CP30-2. 

Control of the identification circuit is effected with the aid of switch INTERRO- { 
GATION (OMPOC) B6-3 located in the 21K-6 control panel. When switch B6-3 is set to po- | 
sition ON (BKIMY.), +27 V is applied te relay P13-2 located in unit O[K-13. j 

The relay operates, and the CP30-2 set starting pulses, leading the transmitted 
pulses by 0.6 ps, are fed from the synchronizing pulse generator (1/2 of 413-10) 
through the cathode follower (1/2 of 113-18) and the contacts of relay Pl3-2 for 
starting the identification set. The identification signals with a duration of 
2.5 “0.5 jus are supplied through the contacts of relay Pl3-2 to the identification 
mark shaping circuit in which they are amplified by the two-stage amplifier (1/2 of 
13-24 and 1/2 of 113-23) supplied to the coincidence stage (13-22). Applied to the 
same circuit are the target pulses (in the function of key pulses) which are delayed by} 
3.5 ms in the receiving channel (in delay line JIs3~6 of unit 2IK-3). 

The identification pulses are delayed by 5.25 +0.75 ms with respect to the radio | 
frequency target pulse at the input of the receiver. In order that the target pulses | 
may coincide in time with the middle of the identification pulses, the target pulses 
supplied to the coincidence stage are delayed additionally by 2.5 to 4.7 ps in delay 
lines Is14-1 and 1313-2, depending upon the position of the slider of variable delay 
line 4313-2, oo 

The use of the variable delay line is dictated by the necessity to compensate 
possible deviations of the rated parameters of the delay lines in units 21K-3 and 
2ix-13 and possible deviations of the identification pulse delay with respect to the _ 
target pulses (5.25 +0.75 jus). The moment the target pulses coincide with the identifi-! 
cation pulses a negative pulse is picked off the coincidence stage. It is differen- 
tiated end integrated by the network of M13-i0, C13-72, R13-169, R13-171, and is ap- 
plied te the output stage (113-23) to be amplified end then supplied in the positive 
polarity to the mixer (713-19). 

Since. the target pulses are applied to the mixer without delay, the identifica- 
tion marks are observed ou the indicater screen dehind the target marks. 

When the targets are located at great distances, the amplitude of the target 
pulses may be insufficient for operation of the coincidence circuit. In this case, 
switch B6-3 is te be set to position LONGER RANGE (MOB. WAIbH.), and instead of the ~ 
target pulses the chassis potential is applied to the coincidence stage. The identifi- ; 
cation signals therewith pass through the coincidence stage without being selected by 
the target pulses. | 








Circuit for Generating Hostile Target Pulses 
and Voltage of +230 V in Locking On Hostile Targets 









When the radar operates in the mode of antomatic positioning of the antenna, 
only hostile target pulses should be sent to the automatic antenna-positioning channel, 
which excludes the possibility of directing the antenna to friendly aircraft. 

Therefore, the target signals are supplied to the automatic antenna-positioning 
unit through the hostile target signal generating circuit, the operation of which is 
described below. , 


44 



















The target signals from the output of receiver 2AK-2 (assembly 268) come through 
Melay line Jis 13-1 and the phase inverter (1/2 of 113-21) to the input of the friendly 
target suppression stage (H13-263,. Applied to the other input of this stage are the 
Eidentification pulses from the identification pulse amplifier (1/2 of 113-23). 

there are friendly target pulses in the channel, they are suppressed by the identifi-~ 
ation pulses, The hostils target puises are supplied through the cathode follower 
(1/2 of J13-21) to automatic antenna-positioning unit 2IK-29 where they are applied to 
fooincidence circuits 129-4 and I2Zz9-20. 

When the target is locked on, the hostile target pulses start arriving at the 
input of the +230-V generating circuit (E1L2-25) continuously rather than in packets. 
in the grid circuit of the det ector (1/2 of 113-25), the pulses are rectified to set 
up a control voltage. which is applied to the electronic relay (1/2 of 413-25, PL4—4), 
The relay operates and its contacts connect the circuit which supplies +230 V to the 
futomatic fire coatrel device of unit 20K-29 (129-24) through the winding of relay 
pP5-17. 


Antenna-Fositioning Mark Gireuit | 


The antenna-positioning mark is observed on the indicator screen in the form of 
jaluminous dot and serves for directing the antenna head to the terget in the mode of 

































juanual sutemna positioning. 

: Used as antenna-positioning mark pickoffs are the. potentiometers of the T-1A 
control panel, which are linked with the azimuth and tilt axles of the handle. 

1 Since there is selsyn coupling between TM-1A and the antenna head, the coordi- 

mates generatei by the potentiometric pickoftfs will represent the coordinates of 
fieflection of the antenna head from its position in scanning. 

In the mods of manual antenna positioning, the voltage of +2? V is applied to the 
vind ings of relays P5-14 and P5-15, The relays operate, The contacts of relay £5-15 feed | 
ithe v voltage of the aircraft mains te the Mi-14 potenticnetric pickoffs vhile relay 





5-14 switches vertical and horizontal deflection coils T4-4 from the ststor windings 
fof antenna rebary transformer BIL-S te the azimuth end tAis potentiometric pickoris 





fof TN-2LA, Direct currents start to pase through the deflection colls, their yvalus aad 
iirection depending on the valve and direction of the ¢ Jeflection of the TM-1A control 
ipanel snd handles in agimutn and tils. Ths iudicwtor screen therewith stops displaying 
ithe radial-cizcular sweep whiel is charged fox an autenna-pesitioning mark in the 
Ishape of a luminous dot. This mark is to be brought from the centre of the screen in 
éthe direction of the target, i.e... 70 the zone in which the target ia situated, The 
Fecale of the indicator is divided wy three dashed circular linea into the three zones: 
one I, Zone TI, and Zone ITI, 

i In case the target is locked on in range, tue circuit supplying the +27-V voltage 
Hn the menual antenna-positioning mode is disconnected frum relays P5-14 end P5-15. 

The relays get de-energized and the indicator screen stepe displaying the antenna- 


positioning mark and starte displaying the eee BWECDe 


Shaping of Anteuns Head Position Mark 


: The antenna head position mark is observed ou the indicator screen in the form of 
la luminous dot and serves for indicating the antenna head position in azimuth end tiit 
jin the mode of target tracking, i.c., for indicating the position of the locked-on 
target with respect to the sircraft Plight axis, as vell as for monitoring the shift 
et the zones with knob Tnpicat ‘TON ON (BER. AHUMK.} depressed (Fig. 14). 
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i,d,&- graphs showing the time relationship between 
| the lock-on indication, target and identification — 
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FIG. 15. DIAGRAM OF TIME RELATIONSHIP 
BETWEEN PULSES IN UNIT 2K-13 





For determining the numerical value of the antenna head azimuth and tilt, use is 
| made of potentiometric pickoffs R1-135 and R1l-14 which are coupled with the axles of 

I the antenna head rotation in azimuth and tilt, When knob INDICATION ON of unit 2/K-4. 
; is depressed, the voltage of +27 V is applied to potentiometric pickoffs R1-13 and 

| Rl-14 located on the antenna and relay P5-8. 

: As a result, potentiometric pickoffs R1-13 and R1-14 get connected to deflection 
coils L4-4 through the contacts of relay P5-8. The indicator screen starts displaying 
| amark in the form of a luminous dot whose azimuth and tilt coordinates correspond to 
4 the antenna head position. | | 
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